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A B S T R A C T
Leishmaniasis, a disease of the developing world affects about 12 million people and has limited
therapeutic interventions available. L-type lectins, Endoplasmic Reticulum Golgi Intermediate
Compartment/Vesicular Integral Proteins (ERGIC-53/VIP36) are involved in protein sorting in luminal
compartments of animal cells and are important for parasite biology. A lectin homologue was identiﬁed
through a bioinformatics analysis of Leishmania genome and it was found to have N-terminal conserved
carbohydrate recognition domain (CRD) and a unique C-terminal region rich in repetitive amino acids
and a poly glutamine tract. The N-terminal CRD region was cloned and expressed in Escherichia coli, but
gave an insoluble expression which was re-solubilized by on column refolding. The fold integrity was
checked through CD, ﬂuorescence and functional assay of hemagglutination activity using rabbit
erythrocyte. Bioinformatics analysis identiﬁed 15 members from Tritryps (Leishmania spp., Trypanosoma
spp.) and they separate out as a distinct clade in the global phylogenetic analysis of all ERGIC-53/VIP36
sequences downloaded from Uniprot. Our analysis shows that the extended C-terminal regions with
repeats is unique to Tritryps and this repeat pattern is different in sequences from Leishmania spp. and
Trypanosoma spp. and all these features make this protein an interesting candidate for further detailed
studies.
ã 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Leishmaniasis is a disease of the developing world affecting
about 12 million people and is caused by digenetic, obligate
parasites belonging to genus Leishmania. These parasites exist as
intracellular amastigotes within mammalian phagocytes and as
ﬂagellated promastigotes residing in sandﬂy (www.who.int/tdr/
diseases/le-ish). Leishmaniasis can be visceral, cutaneous or muco-
cutaneous depending upon the causative species.
In earlier studies an ERGIC-53/VIP36 homologue was identiﬁed
from Trypanosoma cruzi and it was shown to be antigenic because
of a unique repetitive amino acid region in the C-terminus [1].
ERGIC-53 protein is mannose-speciﬁc membrane lectin operating
as a cargo receptor for the transport of glycoproteins from the ER to
the ERGIC [2,3]. Lack of functional ERGIC-53 was reported to cause
selective defect in the secretion of glycoproteins in cultured cells* Corresponding author at: Bioinformatics & Structural Biology, Indian Institute of
Advanced Research, Koba, Gandhinagar, 382007 Gujarat, India. Fax: +91 79
30514111.
E-mail address: ddsingh@iiar.res.in (D.D. Singh).
http://dx.doi.org/10.1016/j.btre.2015.09.004
2215-017X/ã 2015 The Authors. Published by Elsevier B.V. This is an open access article unand hemophilia in humans [3]. Similarly a vesicular integral
protein of 36 kDa, VIP36 was reported to play signiﬁcant roles in
vesicular transport from the ER to the Golgi complex [4]. A similar
ERGIC-53/VIP36 homologue has been identiﬁed from Leishmania
spp. and in this communication we report its cloning, expression,
biochemical characterization and bioinformatics based analysis for
better understanding of the structural and functional aspects of
this protein, which could be useful for further research in the area
of infection biology.
2. Materials and methods
2.1. PCR ampliﬁcation and cloning
The L. major gene (LmjF.13.0670/Q4QG87) was identiﬁed as the
candidate gene and primers were designed based on its sequence
for generating two clones, the full length complete gene (referred
to as LdEg) and truncated gene having only the CRD region
(referred to as LdEgTr). Complete LdEg gene was PCR ampliﬁed
using forward primer: 50-GTA CAT ATG ATG GCC GCC GCA AGG–30
and reverse primer 50-CG GGA TCC CTA CTC ATC CTG CTC CAC G–30.
For LdEgTr, same forward primer was used and a different reverseder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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designed to amplify only the CRD coding region. The PCR reaction
mixture consisted of 1 ml genomic DNA (50ng/ml), 0.2 mM dNTPs,
10 pmol of each primer, 3 mM MgCl2, 2U i-proof Taq polymerase
(BioRad) in a total reaction volume of 50 ml. The PCR conditions
used were initial denaturation at 98 C for 1 min followed by 35
cycles of 98 C for 30 s, 70 C for 25 s, 72 C for 25 s and ﬁnal
renaturation at 72 C for 10 min. PCR products were analyzed in 1%
agarose gel electrophoresis and puriﬁed using gel extraction kit
(Qiagen) following manufacturer’s instruction. The forward and
reverse restriction sites were NdeI and BamHI (Fermentas) in both
cases and the ampliﬁed products were cloned in pET15b and
pET16b (Novagen) vectors for LdEg and LdEgTr respectively. The
ligated products were transformed into Escherichia coli DH5a
through heat-shock method and 50 mg/ml ampicillin was used as a
selection marker. Positive clones were conﬁrmed through plasmid
shift, colony PCR, restriction digestion by NdeI and BamHI and
ﬁnally through nucleotide sequencing.Fig. 1. (a) Agarose gel (1%) analysis of truncated lectin (LdEgTr) clones: (M) DNA marker
cloned plasmid for clone conﬁrmation. (3) Digestion of cloned plasmid to check the presen
(1) supernatant soluble fraction after expression in Rosetta (DE3), (2) insoluble fraction 
refolded lectin. (c) MS–MS analysis of LdEgTr after trypsin digestion.2.2. Expression, puriﬁcation and refolding of recombinant Lectin
The selected positive clones were expressed in E. coli Rosetta
(DE3) cells (Novagen) and protein expression was induced using
auto induction method of Studier in 100 ml culture [5]. Cells were
harvested by centrifugation and re-suspended in 3 ml of buffer A
(20 mM Tris–HCl pH 8.0, 300 mM NaCl and 1 mM Phenylmethyl-
sulfonyl ﬂuoride) and cells were lysed using ultrasonicator (Sonics
model VCX750). The cell extract was centrifuged at 12,000  g
(Kubota 6500) for 20 min to obtain the soluble supernatant and the
insoluble pellet. The insoluble inclusion bodies in the pellet were
solubilized using buffer B (20 mM Tris–HCl pH 8.0, 300 mM NaCl,
8 M urea, 10 mM b-mercaptoethanol and 20 mM imidazole) and
incubated overnight at 4 C with constant shaking. Resulting
suspension was further centrifuged at 12,000  g for 20 min at 4 C
and the clear supernatant containing the denatured protein was
used for refolding and puriﬁcation., (1) PCR ampliﬁcation from genomic DNA of L. donovani, (2) PCR ampliﬁcation from
ce of gene insert in the vector plasmid. (b) SDS–PAGE 12% analysis of cloned proteins
after expression in Rosetta (DE3), (3) Protein molecular weight marker, (4) puriﬁed
Fig. 2. Spectra from ﬂuorescence spectroscopy of LdEgTr in folded and denatured
states (addition of 0–6 M guanidine hydrochoride) the excitation wavelength was
set to 280 nm shows a clear shift in emission from lambda 340–350 respectively.
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column, which was pre-equilibrated with buffer B and on-column
refolding, and puriﬁcation was performed. Column was washed
extensively with buffer B to remove non-speciﬁcally bound
contaminants before the renaturation step. For renaturation,
column was washed with 10-column volumes (CV) of Buffer A
containing 0.1% Triton X-100 (Sigma) followed by washing with
10 CV of Buffer A containing 5 mM b-cyclodextrin (Sigma) in place
of Triton X-100 to remove the detergent and allow the protein to
refold. Finally the column was washed with 20 mM Tris–HCl (pH
8.0), 0.1 M NaCl to remove remaining impurities and b-cyclodex-
trin and the protein was eluted with Buffer A supplemented with
250 mM imidazole. All eluted fractions were analyzed on 12% SDS–
PAGE gels.
2.3. SDS–PAGE, mass analysis
The selected coomassie stained protein band was excised from
the SDS–PAGE gel, de stained and in-gel digested using trypsin [6].
The extracted peptides were subjected to MALDI-TOF/MS/MS using
AB Sciex QSTAR elite LC MS/MS system. The peak list generated by
Analyst or 4000 Series Explorer software was analyzed using the
MASCOT search engine (http://www.matrixscience.com) and the
GPS Explorer or Protein Pilot software to identify the peptides.
2.4. Fluorescence studies
Steady-state ﬂuorescence measurements were performed on a
SpectraMax Me2 spectro-ﬂuorimeter equipped with 96 well plate
reader. Experiments were performed at room temperature using
0.2 mg/ml solution of protein in 20 mM Tris–HCl buffer (pH 7.5)
with 280 nm excitation wavelength, 5 nm emission slit width and
background signals were corrected. Both the change in ﬂuores-
cence intensity and the shift in ﬂuorescence maxima were
recorded to monitor the unfolding transition following overnight
incubation at 4 C of the protein sample with guanidinium chloride
in the concentration range from 0 to 6 M.
2.5. CD spectrum of refolded protein
Far UV CD spectra were recorded on a Jasco J-715 spectropo-
larimeter equipped with a Peltier type temperature control system(PTC- 348WI model). Protein [0.2 mg/ml in 2 mM citric acid-
glycine-hepes (CGH) buffer pH 7.5] was used and CD spectra were
recorded at 20 C with a time constant of 4s, a 1 nm band width and
a scan rate of 5 nm min-1 and signal-averaged over at least 3 scans
were collected.
The Near UV spectra of refolded LdEgTr were measured at room
temperature using Jasco 815CD spectrometer. The spectra were
recorded in the wavelength range of 250 –300 nm using a
rectangular quartz cell of 1 mm path length. The protein
concentration used for measuring CD spectra measurement was
0.2 mg/ml in 10 mM Tris buffer pH 7.5 and each spectra was the
average of 3 scans.
2.6. Hemagglutination assay and sugar speciﬁcity
The hemagglutination activity of the puriﬁed refolded protein
was checked using 1% rabbit erythrocyte (RBC) suspension in 0.9%
NaCl. Serially diluted 50 ml of protein solution (2 mg/ml in 0.9%
NaCl), 50 ml of rabbit RBC suspension and 50 ml of 0.9% NaCl
solution was added to wells in U shaped micro-titer plate and
incubated at room temperature for one hour. Visual examination
(RBC sediment as button formation) of agglutination was
performed in presence of refolded protein and the hemagglutina-
tion unit (HU), which is deﬁned as the reciprocal of the highest
dilution exhibiting visible hemagglutination was noted while the
speciﬁc activity was calculated as the number of hemagglutination
unit per mg of protein. In case of inhibition studies, 50 ml of sugar
solution in the concentration range of (5–100 mM in 0.9% NaCl)
were added instead of the blank 0.9% NaCl solution and button
formation observed. The sugars tested in the study were: D-
glucose, D-mannose, D-galactose, maltose, fructose, sucrose,
lactose, N-acetyl-D-galactosamine, methyl-D-glucopyranoside,
methyl-D-mannopyranoside and the glycoprotein fetuin.
2.7. Bioinformatics analysis
Multiple sequence alignment was done using the program
clustalW (http://www.ebi.ac.uk/Tools/msa/clustalw2/). I-TASSER
server (http://zhang.bioinformatics.ku.edu/I-TASSER/) was used
for generating 3-D model of the proteins and quality of the ﬁnal
models were assessed by PROCHECK (http://www.biochem.ucl.ac.
uk/roman/procheck/procheck.html) and VERIFY-3D (http://nih-
server.mbi.ucla.edu/Verify_3D) programs. Structural similarity
search was performed using DALI server (http://ekhidna.bio-
center.helsinki.ﬁ/dali_server). Active sites analysis was done using
CASTp program (http://sts.bioengr.uic.edu/castp) and structural
superposition was done using SUPERPOSE program (http://
wishart.biology.ualberta.ca/SuperPose/). Phylogenetic analysis of
44 well annotated ERGIC-53 and VIP36 like lectins from UniProt
database (www.uniprot.org) and 15 sequences from TriTryp was
performed using boot strap and Neighbor Joining method using
program MEGA 5 [7]. The full-length sequences, CRD and C-
terminal region of these proteins were analyzed separately.
3. Results
3.1. PCR ampliﬁcation, expression and resolubilization
PCR ampliﬁcation of both LdEg and LdEgTr was achieved and
positive clones identiﬁed through plasmid shift and restriction
digestion and PCR ampliﬁcation of LdEgTr is shown (Fig. 1a).
Signiﬁcant expression of both LdEg and LdEgTr was observed in
autoinduction but were located in the inclusion bodies. The
column refolded LdEgTr was analyzed on 12% SDS PAGE, where a
distinct band was observed at around 30kDa, which is the expected
molecular weight of LdEgTr. As LdEgTr possess an internal cysteine
Fig. 3. (a) CD spectra of refolded LdEgTr show minima at 214 nm, indicating the presence of beta sheets in protein. (b) The near UV CD spectra of refolded LdEgTr. (c) Predicted
secondary structure elements in recombinant LdEgTr. Try, Tyr and Phe are shown in green, yellow and gray box respectively.
Fig. 4. (a) Blast output of LdEg shows hits from Tritryps. (b) The model of CRD domain (LdEgTr) generated from I-TASSER superposed on mammalian ERGIC-53 (1gv9), VIP36
(2dur) and their multiple sequence alignment shows conservation of key residues.
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Fig. 5. (a) Phylogenetic analysis of ERGIC-53/VIP36 sequences downloaded from Uniprot along with LdEg and other Tritryp sequences and show 2 major clusters; one having
all VIP36 and the second of ERGIC-53 which is further divided between other organisms and tritryp clades. (b) Phylogenetic analysis with only CRD domain of above proteins,
shows two main clusters; one is from vertebrate ERGIC 53/VIP36 and another from fungal, Trypanosma and Leishmania ERGIC-53. The ERGIC-53 and VIP36 proteins show
further separation in the ﬁrst cluster.
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disulphide bridges, resulting in LdEgTr dimers. Thus, the column-
refolded LdEgTr protein was separated on SDS–PAGE under
reducing as well as non-reducing conditions. In both conditions,
LdEgTr appeared at the same 30 kDa region indicating that theFig. 6. The members of VIP-36/ERGIC-53 protein families from different organisms and th
motif from mammalian proteins is a well-known motif involved in interaction with C
available although possible motifs are highlighted based on literature.protein did not dimerize during refolding (Fig. 1b). Further, the
protein identity was conﬁrmed by MALDI MS/MS analysis, where a
homologous lectin from L. major was predicted as signiﬁcant hit
(Fig. 1c). However efforts to re-solubilize LdEg even after repeated
trials failed and therefore, it was not taken up for further studies.e distribution of probable ER retention signals towards the C-termini. The dibasic KK
OP proteins whereas the experimental information for other members is still not
Fig. 7. Pattern of C-terminal repeats responsible for antigenicity in Leishmania and Trypanosoma proteins. Three distinct patterns are found in 15 homologues of Trypanosoma
and Leishmania spp. (seven from Trypansoma and eight from Leishmania). In case of Leishmania the ﬁrst repeat pattern is QEA[H/Q]PA(Q)n is found only in L. mexicana
(Q4QG87) while all other sequences of Leishmania have ETQPAPQn.
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LdEgTr contains three tryptophans, ten tyrosines and 15
phenylalanines, which allow conformational changes to be
investigated by ﬂuorescence spectroscopy. The refolded LdEgTr
when excited at 280 nm, the emission was observed at 340 nm
(lmax), which is a characteristic of tyrosine residues exposed in
polar environment. Upon denaturation with increasing concen-
trations of Guanidine–HCl (0–6 M), a red shift and a decrease in
intensity was observed (Fig. 2). The shift in lmax from 340 nm to
350 nm indicates that the tryptophan residues, which were
previously unexposed in folded condition, was exposed after
denaturation which indicates that the re-solubilized LdEgTr is in
folded form, which was further conﬁrmed through CD studies and
hemagglutination assay.
3.3. CD spectrum of refolded protein
The CD spectra of LdEgTr protein showed a minimum dip at
214 nm which is a characteristic of beta-sheet and a dip at 209 nm
which indicated the presence of alpha helix in the structure which
was similar to in-silico predicted secondary structure of the protein
(Fig. 3a, c) and the near UV region spectra indicated the presence of
aromatic residues Tyr, Phe, Trp in the sequence Fig. 3b.
3.4. Hemagglutination activity and sugar binding speciﬁcity
LdEgTr agglutinatinated rabbit erythrocytes with a speciﬁc
activity of 1HU/mg which was inhibited only with fetuin, a
glycoprotein, at minimum inhibitory concentration (MIC) of 0.12%
indicating it has speciﬁcity towards the complex sugars and not
with other simple sugars used in this study.
3.5. Bioinformatics analysis
3.5.1. Sequence analysis
Blast analysis of LdEg as query gives L-type lectins as hits
(Fig. 4a) which aligns with the N-terminal CRD region (1–226
residues) and there is a 160 amino acid long C-terminus region
which is unique and found only in homologues from Tritryps. LdEg
has 31.2% identity and 44% sequence similarity with the T. cruzi
sequence Q1ZY26_TYCR, which has been reported earlier. Model-
ing results from I-tasser server for the CRD region of query
sequence showed the characteristic con-A fold of ERGIC-53/VIP36
proteins and it superposed very well on the crystal structure 1gv9;
the mammalian ERGIC-53 and on 2dur, the VIP36 structures with a
RMSD of 0.66 and 2.44, respectively (Fig. 4b) and most of the key
residues like S66, E66, D100, N166 reported in the mammalian
ERGIC- 53 to interact with sugars were found to be well conserved.Sequence analysis of the query also showed the absence of the
characteristic KKXX motif thought to interact with coat protein 1
complex (COP-I) coated vesicles. The cysteine residues, which are
well known for dimerization of subunits are also absent in this
region of LdEgTr.
3.5.2. Phylogenetic analysis
Phylogenetic analysis done with CRD region of VIP36/ERGIC-53
sequences downloaded from Uniprot shows three distinct clades;
VIP-36, ERGIC-53 and Tritryp which are homologue sequence of
ERGIC-53 (Fig. 5a). In case of phylogenetic analysis of full length
sequences four distinct clades were observed i.e Tritryp, fungal,
and two from eukaryotes (Fig. 5b).
4. Discussion
In an earlier study we had reported the identiﬁcation of a lectin
homologue from Leishmania major genome analysis using bioin-
formatics studies [8] which has a con-A like fold and is a
homologue of ERGIC 53/VIP36 and other L-type lectins. A previous
study has reported the isolation of two cDNAs, from Trypanosoma
cruzi amastigote library immuno-screened with sera from patients
with Chagas disease which were identiﬁed as VIP36/ERGIC-53
homologues. The proteins encoded by them have an N-terminal
lectin domain and repetitive amino acids and a poly-glutamine
tract in the C-terminal region. They are expressed in all the life
stages and located in sub-cellular localization in the vicinity of the
ﬂagellar pocket membrane [1]. The lectin identiﬁed by us is a close
homologue of this protein and based on sequence analysis a total of
ﬁfteen homologues were identiﬁed from Tritryp species (Fig. 6).
Phylogenetic analysis of VIP36/ERGIC53 and their homologues
from Tritryp shows the separation into distinct clades, indicating
that the Tritryp ERGIC-53 homologues are different from VIP36/
ERGIC-53 of other species. In fact the earlier work done by Macedo
has identiﬁed them as antigens and the antigenicity is attributed to
the C-terminal repeats [1]. Usually a distinct signal motif KK or KR
at C-terminus is identiﬁed in these proteins as responsible for
interaction with coat protein 1 complex (COPI) during ER-golgi
recycling [9–10]. In case of fungi and protozoans there is a marked
variation in these residues which are different from Tritryps which
needs to be further studied.
Since the antigenicity is due to the repetitive amino acid repeats
and polyglutamines we investigated their pattern in different
species. The repeats could be identiﬁed only in the Tritryps and
there were some differences between the members of Leishmania
and Trypanosoma species in the pattern of the repeats in the C-
terminal region (Fig. 7). The repeat patterns [EQP(Q) n(H/Y)]n; [D
(X) n]n; [(E) n(X) n]n were found in Trypanosoma spp. whilst the
patterns [QEA(H/Q)PA(Q)n]n; [ETQPAPQ]n were found in
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on their antigenic behavior and function, but needs further
understanding.
The ER-Golgi intermediate compartment (ERGIC) marker
ERGIC-53 is a mannose-speciﬁc membrane lectin operating as a
cargo receptor for the transport of glycoproteins from the ER to the
ERGIC. Lack of functional ERGIC-53 leads to a selective defect in
secretion of glycoproteins in cultured cells and to hemophilia in
humans [2]. Similarly VIP36 is reported to be involved in the
trafﬁcking of glycoproteins, glycolipids during post-Golgi trafﬁck-
ing [11]. A similar protein from Tritryps having an additional
antigenic C-terminal repeat region makes it a very interesting
candidate for further studies. Here, the CRD domain of LdEg has
been cloned and refolded through on column refolding and its
activity and function has been conﬁrmed through hemagglutina-
tion assay and further characterization has been done through
biochemical and biophysical studies.
5. Conclusion
Taking a lead from our earlier bioinformatics work, we have
cloned and characterized a lectin from Leishmania donovani
genome in the present study. The protein is a homologue of a
similar protein reported from T. cruzi earlier, which was reported as
an antigen. The protein has an ERGIC-53/VIP-36 region in the N-
terminal (1–250 residues) and a repeat region of 160 residues
towards the C-terminal. Two clones were generated; the full length
complete gene (referred as LdEg) and truncated gene having only
the CRD region (referred as LdEgTr). We could get a resolubilized
LdEgTr by column refolding and it was characterized by MS/MS
analysis, CD and ﬂuorescence spectra. The refolded protein shows
hemagglutination activity with rabbit erythrocyte (2%) with a
speciﬁc activity of 1HU/mg and it also shows speciﬁcity towards
fetuin, a complex glycoprotein. Bioinformatics analysis identiﬁes
some unique features like a distinct clade in phylogeny analysis;
unique repeats in C-terminus and a possible substitution of KK
motif at C-terminus with Arginine thus making it an interesting
candidate for further detailed studies.Acknowledgments
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